SUMMARY Haidinger brushes, an entoptic phenomenon perceived only through the most central macular retina, have been used in addition to kinetic and static perimetry with the Tubingen perimeter for determining macular sparing and splitting in hemianopic patients. Seven patients were examined: 2 with a bitemporal hemianopia resulting from traumatic damage to the optic chiasma, and 5 with a homonymous hemianopia resulting from extensive lesions of the optic radiations and/or the occipital cortex (including 2 cases of hemidecortication). On perimetric examination some exceptions could be observed in the correspondence of macular splitting and sparing respectively with pre-and postgeniculate lesions, but this was not the case when Haidinger brushes were used. Half of the figure was then perceived by the patients with lesions of the chiasma and the entire figure by all the patients with geniculostriate lesions. We consider that results obtained by this simple method are more reliable than those obtained by perimetry and that Haidinger brushes should be used for macular field examination in neuro-ophthalmic practice.
Haidinger brushes, an entoptic phenomenon perceived only through the most central macular retina, have been used in addition to kinetic and static perimetry with the Tubingen perimeter for determining macular sparing and splitting in hemianopic patients. Seven patients were examined: 2 with a bitemporal hemianopia resulting from traumatic damage to the optic chiasma, and 5 with a homonymous hemianopia resulting from extensive lesions of the optic radiations and/or the occipital cortex (including 2 cases of hemidecortication). On perimetric examination some exceptions could be observed in the correspondence of macular splitting and sparing respectively with pre-and postgeniculate lesions, but this was not the case when Haidinger brushes were used. Half of the figure was then perceived by the patients with lesions of the chiasma and the entire figure by all the patients with geniculostriate lesions. We consider that results obtained by this simple method are more reliable than those obtained by perimetry and that Haidinger brushes should be used for macular field examination in neuro-ophthalmic practice.
The problem of 'macular sparing' in hemianopic visual fields has been debated for many years but still remains an enigma. The topographical value, the anatomo-functional substrates, and even the reality of the phenomenon itself have been, and still are, questioned.
Macular sparing commonly designates the spared vision of the most central area of an otherwise blind hemifield, with the aspect of a 30 to 40 bulging of preserved field away from the midline. Some authors have considered such bulging to be the definitive characteristic of 'true macular sparing'.' 'False macular sparing', in contrast was the term used by the same authors for an apparent residue of vision in a strip 30 to 40 wide along the vertical meridian. In the latter case the overshot visual field was always attributed to eccentric or unstable fixation.
Macular sparing is usually seen as a result of a postgeniculate lesion involving the visual cortex, though absence of sparing, 'macular splitting,' does not mean that the lesion is necessarily pregeniculate.2 In large series of tumoral34 or traumatic5 6 lesions involving the occipital cortex both figures (sparing and splitting) were seen to be represented, but macular splitting was always observed in a minority of cases. Williams and Gassell never found Correspondence to Dr Marie-Th&r6se Perenin. sparing in cases with surgical extirpation of the visual cortex. Such arguments have favoured the hypothesis that macular sparing results from incomplete occipital lesions. Since the blood suLpply is from the middle cerebral artery, enlarged representation of the central visual field in the striate cortex would indeed increase the probability of central field sparing in such cases.
However, in a more recent study using carefully controlled perimetry (including static perimetry with the Tubingen perimeter) Huber7 constantly found some preserved central field in patients with occipital lobectomy. In most cases it extended about 10 or less into the hemianopic side, which he referred to as 'foveolar' sparing. A The 2 patients with pregeniculate lesions had similar histories of anterior frontal injury with damage to the dura mater up to the sella tursica which had necessitated surgical operation. A fragment of bone in case 2 and a rifle bullet in case 1 had been removed from near the optic chiasma, which was seen to be severely damaged in both cases. Two of the patients with postgeniculate lesions (cases 3 and 4) had been operated on for the ablation of an occipital angioma. This had required a small resection of the occipital pole in case 4 and the ligature of the posterior cerebral artery in both cases. Case 5 had had from the first months of life a porencephalic cyst which appeared on a CT scan to extend over the whole posterior third of the left cerebral hemisphere. The last 2 patients, cases 6 and 7, had undergone respectively a left and a right hemidecortication at the age of 7 years for intractable epilepsy associated with infantile hemiplegia. All 5 patients showed some degree of residual vision, at least for locating targets within their perimetrically blind field. Results on this topic have been previously published for cases 6 and 7.1415 PERIMETRY The Tubingen perimeter"' 17 was used for both dynamic and static perimetry, the background luminance being always set at the same mesopic level (10 asb, i.e., 3-18 cd/M2). 900 kinetic perimetry was performed with a spot of maximum size (116') and luminance (318 cd/M2), 300 kinetic and static perimetry with a 10' spot of different juxtaliminar luminance. An ascending method of limits was used for static perimetry, target luminance being raised by 0-1 log unit steps. Differential thresholds were thus measured serially in 20 or 50 steps along the horizontal meridian in each subject, from centre to periphery in the normal and then in the hemianopic field.
HAIDINGER BRUSHES
This entoptic phenomenon, first described by Haidinger in 1844,18 can be seen when looking through a polarised filter at a uniform blue field such as the sky: it consists of a faint, yellow and dark blue figure resembling an hourglass or a double brush (Fig. 1) subtending an angle of about 30, centered on the fixation point (and therefore seen to move with displacement of the fixation point). It quickly fades unless the orientation of the polarising light changev by rotating the polarising filter. This produces a permanent figure rotating around its centre. The phenomenon is generally attributed to the selective absorption of the blue light by the yellow pigment of the macula lutea contained in the Henle fibres. The radial orientation of these fibres, and perhaps also of the pigment molecules, could be responsible for the radial dichroism which gives rise to the maximum absorption occurring along a diameter perpendicular to the polarisation plane of the incident light. This would account for the shape of the Haidinger figure, which is perceived only in the most central part of the macular field, that is, the part corresponding to maximum density of the yellow pigment.19 20 A similar polarisation phenomenon has been demonstrated by photographing the polarised light reflected from a monkey's retina; a picture resembling Haidinger brushes was obtained.2 ' Haidinger brushes are currently elicited in orthoptic practice by a Ciipper's co-ordinator. That apparatus was used in the present study. For all patients each eye was exposed successively to the polarised light, while the polariser filter inside the apparatus was rotated at moderate speed. The patient either was free to let his gaze wander over the blue field or had to fixate a small black point at the edge of a white cardboard masking either the normal or the hemianopic part of his visual field. At each stage he had to describe verbally or to draw what he saw. The picture of Fig. 1 or the photographs taken from Hochheimer's paper were shown to him for comparison.
Results

PERIMETRIC DATA
Patients with pregeniculate lesions. Both patients with lesion of the optic chiasma had a nearly complete, dense, bitemporal hemianopia on 900 kinetic perimetry. On 300 kinetic and static perimetry there was a macular splitting in the left eye of case 1 and in both eyes in case 2. A 20 macular sparing together with an irregular (1 to 30) paramedial strip of overshot field could be observed in the right eye of case 1 and a spared upper sector of about 50 in the right eye of case 2 (Fig. 2) .
Patients with postgeniculate lesions. All the 5 patients with unilateral damage of the geniculostriate pathway had a dense and virtually complete lateral homonymous hemianopia on 900 kinetic perimetry. On the 300 kinetic and static perimetry (Figs. 3 and 4) figure, that is, a symmetrical propeller or hourglass rotating around its centre. Also remarkable was the fact that they all reported a distinctly different picture when the hemianopic field was masked. In all cases but one only half of the figure remained visible, turning around its small end point. In the last case (case 7, right eye only) the figure entirely disappeared in this condition. This may be due to the abnormal position (slight convergent strabismus) of the right eye of this subject. Masking the normal part of the visual field led instead to more variable and sometimes rather surprising effects. Either half of the figure was still perceived, as in case 3 and usually in case 4 or even the whole of it as in the 3 other cases, 5, 6, and 7. This effect, which at first might seem paradoxical, could be due to a tendency to shift the visual axis towards the hemianopic side in these 3 patients. Consequently the normal field would actually not be entirely covered by the mask, thus allowing the whole foveal area to be exposed to the polarised light.
Discussion
USEFULNESS OF HAIDINGER BRUSHES FOR DIFFERENTIATING MACULAR SPARING AND SPLITTING
Perception of the Haidinger brushes was very different for the 2 types of patients. The 2 subjects with the chiasmatic lesion never reported seeing a whole, symmetrical figure, but only half or a little more of it, in accordance with a previous observation by Fisher et al.12 In contrast, the 5 subjects with lesions of the geniculostriate pathway always perceived (in the free gaze situation) an entire, symmetrical picture. This was the case even when the spared central field was as little as 10 (or less) on perimetric testing, as in cases 3 and 4 (right eye). Subjective responses reported in the postgeniculate group cannot be related to some cognitive factors, such as 'imaginative' completion,23 since masking the hemianopic field resulted in only half the figure being perceived. group.bmj.com on October 1, 2017 -Published by http://bjo.bmj.com/ Downloaded from implies that the 2 foveal half-fields should be exposed to the polarised light, as can be verified in normal subjects.
There was generally a good correlation between the subjective responses to Haidinger brushes and the perimetric data, that is, perception of half the figure corresponded to macular splitting and perception of the whole figure to macular sparing. However, if we remember that Haidinger brushes subtend about 30 of visual angle i.e., 1 it may be noted that such scotomata are very often combined with another defect in the contralateral visual field. As those authors suggest, such observations raise the hypothesis of a postgeniculate crossing of 'macular' fibres, possibly through the corpus callosum, which was one of the first formulations of the theory of the double macular representation. 24 Although such a hypothesis may provide a straightforward explanation of the difference between pre-and postgeniculate lesions, there are several reasons why it is no longer tenable. First, macular sparing is still observed after occipital lobectomy and even hemispherectomy. Secondly, anatomical studies in monkeys have consistently failed to show any crossed geniculostriate connections, either by degeneration methods25 or the horseradish peroxidase tracing technique (Garey, personal communication). Instead, the theory of 'chessboard innervation of the macula' originally postulated by Morax" has recently regained much interest. In the monkey's retina, ipsi-and contralateral projecting areas overlap along a vertically orientated median strip, about 1°width, which is centered on the fovea. This was demonstrated by both patterns of either retrograde degeneration of the ganglion cells following unilateral section of the optic tract9 or labelling of these cells after horseradish peroxidase (HRP) injection in the dorsal lateral geniculate nucleus.10 The latter authors observed that the strip enlarges in two 0.50 arcs around the unlabelled fovea, though in a very asymmetrical manner with regard to the number of labelled ganglion cells. They suggest that such nasotemporal overlap might provide an anatomical basis for the small central sparing still found in patients with occipital lobectomy. Wyatt26 attempted a more precise estimate of the outline of the bilaterally represented field, taking into account the density of the overlapping ganglion cells (as observed by Bunt et al.10) together with their receptive field size. The overlap area would be at most 1.50 width along the horizontal meridian and not particularly convex around the fovea, as in fact the width might increase above and below the fovea, in agreement with some perimetric findings. 7 27 However, dual representation of the visual midline, which probably exists in man as it does in the monkey, leaves some remaining facts unexplained. First, splitting of the macula after pregeniculate lesions, and especially chiasmatic lesions as observed in 2 of our patients, does not accord with such nasotemporal overlap, unless some particular arrangement of the overlapping retinogeniculate fibres in the optic chiasma makes them more vulnerable to a lesion at this level. Secondly, the functional consequences which could be expected from dual representation of the visual midline are mostly lacking. For example, experiments on choice reaction times show that a difference between crossed and uncrossed conditions is still present when targets appear as close as 15' to 30' to the fixation point.28 29 How to reconcile these apparently conflicting facts? Colenbrander30 has proposed that the visual midline is bilaterally represented in man but that neurons representing the 'wrong' side of the midline in one occipital cortex are inhibited by corresponding neurons in the other (influenced themselves by brainstem reticular neurons acting at the level of the optic radiations). This could explain the fact that, when the visual cortex or the optic radiations are damaged on one side (but not when retinogeniculate fibres are damaged), the visual cortical neurons on the other side are released from inhibition, with resulting macular sparing. However, this remains to be proved.
If the median visual field, which is bilaterally represented, has the same width in man as in the monkey (i.e., at most 1.50 26) this would not be enough to account for the fact that our patients with postgeniculate lesions could perceive a whole symmetrical Haidinger figure of about 30 diameter. An additional factor might be represented by completion of the figure in a manner similar to that observed by Torjussen 
